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(54) DIAMOND-CONTAINING STRATIFIED COMPOSITE MATERIAL AND METHOD OF 
MANUFACTURING THE SAME 



(57) A superabrasive containing layered composite 
is provided according to the invention, which comprises 
a substrate block, which consists of either ceramic 
material and metallic material or several metallic mate- 
rials, and a superabrasive containing body arranged in 
adjacency and joined to said substrate block, which 
contains at least 25 but not exceeding 95 % by volume 
superabrasive particles relative to the whole body, and a 
metallic ingredient which is distributed in the superabra- 
sive containing layer, including the working surface, 
over through the interface and into the substrate and at 
a concentration that varies up or down from the level at 
the working surface continuously and/or in steps. 

Such composite can be effectively formed by this 
method, which comprises placing a first mixture of 
superabrasive particles and pulverized metal in adja- 
cency with a second mixture that is so composed as to 
undergo a self propagating high temperature synthesis 
(SHS) process to yield a ceramic substance, causing to 
initiate the SHS process in said second mixture and 
thereby producing a heat such that said metal is molten 



thereby providing a gradient in said molten metal con- 
centration over the both mixtures, while a pressure is 
applied simultaneously under said heat in order to com- 
pact the resulting structure. 

FIG. 1 
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Description 

Technical Field 

El a ^is invention relates to a sintered composite containing rather a high concentration of diamond particles to 
SomSy m Wear ' reSiStant ^tions. It also relates to a method for producing such composrte eco- 

Background Technique 

[0002] Metal bonded and polycrystalline types of superabrasive tools are widely employed in the industries such 
that diamond or c-BN (cubic boron nitride) particles are distributed in- and bonded by means of metallfc phase orS 
abrasjve parties are immediately joined with each other, by treating under a combined pressure-temperature condition 
where the superabrasive material is thermodynamically stable. 

[0003] In the manufacture of such metal bonded tool blanks, it is desirable that the binder material should exhibit a 
JSlH T 9 ? 0 *, ° r T t0 , 3ChieVe 3 9 °° d h °' d ° f the abrasive particles - However - rather low ™'«ng metals wrth lim- 

tTT y, aV3ilable SUCh PUrP ° SeS - Hi9h Sintering generally inherent to such 

high melting metals make it almost impossible to practice the sintering by conventional techniques because the supera- 

~T^e & UnaVOidab ' e COnVerSi0 " t0 ^ ' OWer PreSSUre P °* n ^ PhaSe ' « ^ in the 
[0004] On the other hand, It is desirable for wear-resistant uses that the tool working-surface should contain as high 

m^HSTT P ° f SU PT braSlVe PartideS ° f eXCe " ent hardness ' in order t0 achieve ^est surface hard- 
ness available. However since the binder content decreases with increasing abrasive contents, it becomes difficult to 
achieve an adequate holding of abrasive particles. Good holding by the matrix is obtained usually at an abrative con 

Z^T^ T^" 9 SUrfaCe ' ayer ' ° f 20 V0L % ° r ' eSS f0r diamond ' for example - While suc " ^rasive contents may 
be sufficient for ach.ev.ng an acceptable performance wrth some types of tools such as wheels and blades, they are not 

necessarily adequate for cutting tools as well as wear-resistant parts. 

u- °" T ° th f h f nd ' 3 hi9her diam ° nd concentration of . *V. 95 volume % or more may be achievable in the 
IT ,S h S Po'y^ystairme, or immediately joined diamond particles. This technique, however, necessitates 

an ultrahigh pressure apparatus, which in particular has a reaction chamber of inevitably limited volume and geometry 

ar ! I 011 * 68 the manufacture of lar g e or blocky articles, in addition to the rather high costs 
[0006] Another known type comprises a layer of sintered diamond particles that are joined to the substrate of usu- 

^r g TbS^ 

5£^?«, Theref0re ' one ° f the P rinci P al ob i ects of the inventions is to eliminate the above^lescribed problems inher- 
t^n !i c !! techn,dues - 11 is another ob i ect to P^ide a composite product in which an increased ooncen- 
P , ^ * arS °° ntained in the SUrfaCe layer and ne,d ^quately, wrthout risking a separation at 

luc^rtttes S ^ 

mSSL o ^ IT""? PreVi0US,y deVe,0ped a n ° Vel teChnique for P roducir, 9 a dose structu red ceramic composite 
Z I! th ? I 3 Bd teChniqUe ° f SHS prOCesS 30(1 oompression, which is known from W097/1 1803, 
th The H metal,,C c o m Po n ent, which melts under the high temperature during the process, flows in and fills 
effechvely he vo.ds among and around the skeletal structure of in-situ formed ceramics, so a product can be now 
obtained wrth good heat-resistance and close structure. 

E? m ■ ft j! kn T" th3t u the SHS prO0eSS 030 yield an intense neat ov er a very limited duration of, say, a few seconds 

22£iLTi T H tha J T heatin9 C ° ndrti0nS Pr ° VWed bV SHS prOC6SS Causes ' due to ™* short duratton, Me 
2S . mechanical strength of diamond particles contained in the reaction composition. This can be said 
even when the temperature reaches 2000' C or more, which are high enough to cause ceramics to melt or soften. 

Disclosure of invention 

malli Jm^r 508 ? ° f , the inVen f° n eSSentia " y C ° mpriSeS 3 SUbstrate block - which oo^ists of either ceramic 
^ZT^tZ h k t !"t °l SeVera ' metalli ° materialS ' and a ^abrasive containing body arranged in adjacency 
and omed to said substrate block, which contains at least 25 but not exceeding 95 % by volume superabrasive particles 
relative to the whole body, and a metallic ingredient which is distributed in the superabrasive cJZX^SSZ 

the level at the working surface continuously and/or in steps. 

[001 1] Such composite can be most effectively realized by placing a first mixture of superabrasive particles and pul- 
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verized metal in adjacency with a second mixture that is so composed as to undergo a self propagating high tempera- 
ture synthesis (SHS) process to yield a ceramic substance, causing to initiate the SHS process in said second mixture 
and thereby producing a heat such that said metal is molten at least partly to penetrate said second mixture and, 
thereby providing a gradient in said molten metal concentration over the both mixtures, while a pressure is applied 
5 simultaneously under said heat in order to compact the resulting structure. 

Brief Description of Drawing 
[0012] 

10 

Fig. 1 shows the diagrammatic sectional illustration of the die arrangement used in example 1 described below, 

Fig. 2 shows the diagrammatic sectional illustration of the compression forming die arrangement used in example 
4, and 

15 

Fig. 3 shows the diagrammatic sectional illustration of the die arrangement used in example 5. 

Preferred Embodiment of Invention 

20 [0013] In the invention the composite contains up to 95 volume % superabrasive particles, which are firmly joined 
with each other by means of properly distributed binder phase, and also joined as a whole to the substrate. While the 
concentration may be set as desired, it is suggested that the composite should contain at least 25 volume % and, pref- 
erably, 40 % or more for abrasive and wear-resistant applications. 

[0014] Such a high concentration of superabrasive particles in the composite can be achieved by the method of 
25 invention. This is based on the self-propagating high-temperature synthesis (SHS) and carried out under combined 
pressure-temperature condition where the superabrasive substance is metastable thermodynamically. The composite 
contains a minor proportion of bond or binder of metallic material for the superabrasive particles. It is distributed at a 
concentration that gradually varies, namely decreases or increases, over the way from the superabrasive layer outside 
surface toward the substrate, either continuously or in steps. 
30 [001 5] In the invention, the intervention of molten metal is essential to the joining of superabrasive particles to each 
other and as a whole to the substrate. Therefore, the SHS reaction system is composed to yield some melt of metallic 
binder that is contained therein as an ingredient. Here the superabrasive ingredients serve as a heat diluent, as they 
are commonly neutral to the SHS process and diamond, in particular, is a good conductor of heat. So it becomes diffi- 
cult generally to sustain the SHS process itself at higher superabrasive concentrations in the starting material, because 
35 the heat requirement increases with the superabrasive content, as well as heat loss by dissipation through the heat con- 
ductive particles. 

[0016] The above problem can be solved in the invention by limiting the superabrasive content relative to the whole 
reaction system, in order to allow a heat volume sufficient for the sintering to flow into the superabrasive layer. Also so- 
called chemical oven is available as a supplementary heat source. For example, an exothermic reaction composition 
40 without diamond content may be arranged as a substrate material in adjacency with the diamond layer. Alternatively, 
another exothermic reaction composition may be arranged to surround the diamond layer. 

[0017] Or either or both of electroresistive heater and induction heater may be arranged either in adjacency or 
around the reaction composite, as another supplementary heater in addition to the chemical oven. 
[0018] Another solution is to use as a binder powder of a metal that has a melting point lower than the temperature 
45 achieved with the reaction composition to be prepared. It is admixed intimately with superabrasive particles and 
charged to form the working layer or its equivalent, so the metal, when molten, flows among-and intermediates to firmly 
join the particles. 

[0019] The inventors found that the latter technique is particularly effective for achieving a superabrasive particle 
concentration of up to 95 volume % with a rather small working layer thickness of, say 2 mm or less. During the SHS 

so process the metal melts among- and joins the superabrasive particles each other. Then it passes to the in-situ forming 
substrate to fill the voids and gaps, resulting in an increase in relative superabrasive concentration of the working layer. 
[0020] On the other hand, as the molten metal flows longer it gradually reduces in volume over the way from the 
working layer to the substrate, so there occurs at least a consistent gradient in metal concentration. This feature effec- 
tively prevents the disintegration of the both layers due to thermal stresses. 

55 [0021] In the invention, it is practical from the view point of ready finishing that the working layer with diamond par- 
ticles have a thickness of 0.1 to 1 .0 mm. 

[0022] The metals to be used as a superabrasive binder of the invention include cobalt and nickel metals and their 
based alloys that are capable of adequate holding of the particles. For diamond in particular, carbide forming metals 
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55 



t a hPmiL a,l0yS P ? ferred> S ° indUded are W ' Mo and Ti metals - °°-W and Ni-W alloys While cobatt and nickel in 
[0027] The substrate material composition undergoes an SHS process whereto * r*« m «. 
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[0034] The deterioration of diamond particles at elevated temperatures during the SHS process also can be pre- 
vented by another technique developed by the Inventors. The diamond particles may be coated in prior to the use, with 
either of Ti, Cr, Mo, W, other Groups IV, V and VI transition metals of the Periodic Table, as well as carbide, nitride and 
boride of such metals. The coating effectively protects the diamond during the SHS process, and at the same time 
s improves somewhat the retention of such particles to the binder. Conventional techniques can be employed to form the 
coating of transition metal, such as physical and chemical vapor deposition. In the manufacture of a tool blank based 
on an SHS process, the metallic coating may form, under the intense heating, some compounds with the superabrasive 
substance or its ingredient or ingredients, at least partly. This is also useful to form a firm retention of the superabrasive 
particles. 

w [0035] It is commonly difficult to achieve a large diffusion distance of molten metal over the extremely limited dura- 
tion of, typically a few seconds, of heating by the SHS process. In such case another technique is available to effectively 
form a concentration gradient in metallic ingredient over the way from the working layer toward the substrate. That is 
masses of powder mixtures are prepared at different metallic ingredient concentrations, so that the concentration is var- 
ied in steps over such masses, and arranged in advance at the interface between the working layer and substrate. In 

15 the preparation of composite working layer with an 80 volume % of diamond concentration, for example, a material com- 
position with a 40 % diamond concentration is inserted as an intermediate layer in the form of mixed loose powder or 
formed pellet. The remainder of the composition may comprise only the same metallic ingredient as in the working layer, 
or occasionally as desired, substrate material composition in addition. 

[0036] In the invention the product working layer diamond concentration of 40 to 95 volume % can be achieved by 
20 starting with a material containing 20 to 70 % diamond, taking into consideration the volume of molten metal to flow out 
from the layer. 

[0037] The multi-layer composite of the invention can be obtained with the SHS product brazed to a substrate of 
metallic material such as steel and cemented carbide. The brazing may be effected by means of molten metal, either 
which is supplied from in the substrate or which forms on the surface of the support under the heat of the SHS process. 

25 [0038] The products of the invention can take a multi-layer construction in which the working layer is either inserted 
between two parts of the substrate, or surrounded by the substrate, depending on the usage. 
[0039] The method of the invention is based on the combined technique of SHS and compression for obtaining a 
composite of compact structure and good mechanical properties. The compression is started immediately after the igni- 
tion when the heating relies upon the SHS process alone, with the use as a chemical oven included. It may be started 

30 prior to the ignition when using an external heater for the supplement. 

[0040] Compression may be effected by direct pressing on a die, pseudo-hot isostatic pressing by means of mold- 
ing sand as a pressure medium, or roll pressing. 

[0041] Each of the composite products described above may be further deposited with diamond on the surface of 
the diamond containing working layer, by CVD (chemical vapor deposition) or PVD (physical vapor deposition) tech- 
35 nique, so as to form a surface substantially consisting of diamond alone. The diamond to be thus deposited can be con- 
trolled in size, crystal habit, and crystal completeness by means of process parameters, so as to produce materials, as 
desired, especially adapted for wear-resistant and tribologic applications. 

Example 1 (Fig. 1) 

40 

[0042] A forming die with a 20-mm diameter cylindrical cavity was used. For the material of working layer one 
weight part of 30-40 jim diamond powder and two parts of cobalt metal powder were mixed and filled in the die cavity 
to a height of about 2 mm. Then mixed titanium and boron powder of 1 :2 molar ratio was laid over the diamond/cobalt 
mixture for the substrate material. The whole was compressed at a pressure of 50 MPa to form a circular pellet, 6 mm 
45 thick approximately. 

[0043] Then as schematically shown in Fig. 1 , the pellet 1 1 was placed, with the diamond layer 12 side up, in a 60 
mm I.D reaction die 13 which consisted of a vertical wall 13a and a bottom 13b. The layer 12 was spread over by 1 :1 
(molar ratio) Ti/C mixed powder 14 with a graphite heater 15 thereon, for ignition. The whole was covered with molding 
sand 16. 

so [0044] Current was passed to turn on the heater 1 5 and initiate the SHS process. After one second of the ignition 
compression was begun with the piston 17, through the insulating block 18, and a pressure of 100 MPa was maintained 
for 15 seconds. The sintered product that resulted exhibited a diamond concentration of about 80 % on the working 
layer surface. XMA (X-ray microanalyses observation indicated a firm bonding of the working layer to the substrate by 
means of cobalt metal, which in the substrate filled the gaps among the TiE*2 particles. 

55 [0045] The cobalt concentration showed a gradient in the substrate body, in which it decreased over the way in the 
substrate from an approx. 40 % level at the interface to an approx. 10 % at the opposite side. 
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w 



15 



to a height of about 2 Z Ten 2 S f meta ' P ° Wder W6re mixed and fi,,ed in tne * cavity 

mixturefor the ^TolTj^T^^^^' "™ T ^ ,aW ° Ver the ^mond/oobatt 
thick approximately. W3$ com P reMed at a P"»u» of 50 MPa to form a circular pellet, 6 mm 

Een,th^ 

Cu rf ace h r si roCrr^xrr 0 r me % diamond * «• *• « g 

metal, while the latter and 12Z ^^^JSSjTr j °S ,0 ^ by mMnB ° f «** 

the substrate to fill the gaps among S^dSSTSTTh iron. The cobalt phase existed in 

in the substrate from the intend * ' * deCreasm * concentration gradient that developed inwards 



20 Example 3. 



25 



n,um and carbon was formed into a 6 mm thick M^XZT^IT^ th ?'° I™* powder of 
placed in the reaction die, then laid over by the suS ZSttL tl^l I W ° rk ' n9 ' 3yer pe,let was now 

SHS process was conducted under the same^nditiS^ t llTfT^ W3S med ° n the upper side and th * 
with the working layer surface deposled w ^h S^T^ST^ ' * C ° mp ° Site Was obtained 

matrix. P 30 abOUt 75 Volume % of d,amond Particles firmly held in a WC-Ni based 



30 Example 4. (Fig. 2) 
10051] 



45 



SO 



SasawSX^ 
strate material. Fo^he'suXa^ 

apex angle of 60'. For sintering Tml of * nt™ 5 ^ WC - 13%Co wa * «*ed that had a 15 mm base diameter and an 
conical recess of 1 5 ™2SdS 21 ? WhiCh had 3 40 mm thick wa « a 

layers, composed powders 22 23 fo'wo^n^ JTiKE ! ^ ^ * th ' S m °' d Were p,aced - in consecutive 
bottom. Current waTpassed over the HF Sf ! 16 a " d 3 SUpport blank 24 ' in this ° rd <" upwards from 
powder was ignited Se the ShZ^ITZT^ ^ m0,d * **" SUpP ° rt blank 24 ' 80 tha < "» mixJo 
press the assembly throX SSi r^ ^ HF heati " 9 the piSt0n 26 Was drive " * com- 
tion was confirmed on a tSZ£2S w^fch ran to SET"-? * """^ f ° r 10 SGCOndS - The '9"- 
polished on the surface and us^L^^ 

Example 5 (Fig. 3) 

material, mixed powder of S% mS and 20^2 5 "f rati0) "H**"™ ^ a '. and the diamond layer 

tons, of 3, 7 and P 12 weigW tV^SSSSS The r^™ T° ^ diam ° nd * ^ COncen ^ 

[0053] The charged we>ght of each powder and approximate thickness as formed were as follows: 





Charged weight 


Pellet thickness as 
formed 


Substrate material 


25.5 


5.0 
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(continued) 





Charged weight 


Pellet thickness as 
formed 


Diamond layers: Diam. cone, weight 


3% 


10.0 


2.0 


7% 


10.0 


2.0 


12% 


9.9 


2.0 



10 [0054] Then the sintering process was repeated under compression at same parameters and with the same 
arrangement as in example 1. 

[0055] The pellet 31 , prepared as described above, had a substrate 30 and three layers 32a, 32b, 32c with different 
diamond concentrations. It was placed in a 75-mm I.D. reaction die 33 for the process with the diamond side 32 up. 
Then 1 :1 (in molar ratio) mixed powder of titanium and carbon 34 was spread over the diamond side 32 and further a 

15 tungsten wire heater 35 was added, the both for ignition. The whole assembly was covered with molding sand 36. 
[0056] The heater 35 was turned on by passing current to initiate the SHS process; the piston 37 was driven after 
one second of the ignition through an insulation block 38 and a pressure of 100 MPa was maintained 15 seconds. 
[0057] The sintered product as recovered exhibited a diamond concentration of about 25 volume % on the working 
layer surface. The sectional observation by XMA showed that the working layers were firmly joined to the substrate by 

20 means of cobalt metal phase. The substrate, on the other hand, exhibited a continuous gradient in cobalt concentration 
that decreased from about 20 weight % at the interface to about 4% at the substrate base. 

Example 6. 

25 [0058] A multi-layered pellet was sintered by the same procedures as in the antecedent example. For the substrate 
a 4-mm thick pellet was made of equimolar Ni/AI mixed powder and formed at a pressure of 20 MPa. For the dfamond 
mixed matrix, a primary pellet of 48 mm diameter and 2 mm thickness was prepared from 87%Ni-13%AI by-weight 
mixed powder, to which added was either 5, 10, 15, 20 or 25 % diamond, on the combined basis. Said matrix pellets 
were placed on the substrate material pellet in layers in this order upward from the bottom, and formed into a secondary 

30 pellet. 

[0059] Then the secondary pellet was sintered under compression in the 75 mm I.D. die, as in the above, by means 
of molding sand as a pressure medium. First the pellet was surrounded by equimolar (1 :1 in molar ratio) Ti/C mixed 
powder for the chemical oven. A tungsten wire heater was arranged outside and around said oven; current was passed 
over said wire to heat and ignite the oven material. After one second of the ignition compression was begun and a pres- 
35 sure of 40 MPa was maintained for 20 seconds. The resulting block, which contained about 60 volume % of diamond 
on the working layer surface, was successfully employed as a cutter edge for wood machining. 

Example 7. 

40 [0060] A multi-layer sintered product of cobalt with diamond on a TiC and cobalt substrate was prepared. Pre-com- 
posed mixed powder of Ti, C and Co, which gave a ratio of 80%TiC +20% Co, was formed into a circular pellet of 40 
mm diameter and 6 mm thickness, for the substrate material. 

[0061] Another mixed powder of Ti, C and Co was prepared to give a ratio of 50%TiC +50% Co for providing a work- 
ing layer matrix in which diamond particles are to be held. The working layer material was prepared by admixing said 
45 mixture with diamond powder of 20-^im average particle size at a 1 :1 volume ratio. 4 grams of such material and then 
the above pellets were charged in the bottom of a cylindrical reaction vessel of rolled graphite sheet, and subjected to 
the SHS process. 

[0062] The sintered product as recovered exhibited a continuous gradient in which the cobalt concentration in the 
substrate gradually decreased from about 50% at the interface towards the bottom. 

so 

Example 8. 

[0063] As a substrate material 56 grams of such pre-mixed powder of Ti, C and Co was placed in a die for forming 
as to give a ratio of 80%TiC and 20%Co, as in example 7. Then a mixture of 13 grams of cobalt powder and 3 grams 
55 of diamond powder of 20 urn average particle size was charged; the whole was pressed at 20 MPa into a circular pellet 
of 48 mm diameter. 

[0064] The pellet was relocated in a reaction vessel as in example 7 for conducting the SHS process. Compression 
was started two seconds after the ignition, and a pressure of 30 MPa was maintained for 10 seconds. The product 
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Example 9. 

5 

of foe sotettate <JuM wS Z J£l n„ «?„ * fT" 5 '" 9 0,6 ma,,ix *" hoklin 9 *>™« particles. 2 grams 
-» «ras formed info a pent under oorapraeTn a S Z £ T P ° We ' " d 8U * P ' e "' nte< ' P 0 """'- ^ » h <* 

r5 Example 10. 

=ameX=£ra^ 

20 



25 



30 



35 



40 



45 



50 



No. 


I Type of material 


Composition 


Weight 


Layer thickness as 
formed 


1 


Substrate 


Ti-C-Mo 


25.5 g 


5 mm 


2 


Diamond layer 1 


Co+12%30-40jim diamond 


10.0 g 


2 mm j 


J | uiamond layer 2 


Co+25%30-40nm diamond 


9.9 g 


2 mm 



55 



ffs t r f co r erssion at 20 Mpa int ° a disk - 

of Ti and C was arranged i . .£m indite 21 » ^ 3 1 °° mm ,JX 1 :1 m0,ar ratio mixed P° w ^r 

pellets were ignited on the veSle t'h ?2? " ' 9n,tl0n ' e3d ' With the "* fi " ed With moldi "9 sand - The 
indicator at the pellet tS^^^!^ f ST?, "■** "* m ° nit ° red by means of a temperature 
MPa was maintained foTsse^nds. C ° mPreSS ' 0n W3S Started Whlte the P e,,ets were not, and a pressure of 200 

Example 11. 

»mp,„ed Pasfc The was ^ ' ea * "> Ba " » •» 
Example 12. 

by weight on the combined basis. unl^SSSTJ^!? St d^H 96 ^ ** " SUCh that 

dients. Such pellets were placed n laver* «n »Tt!!i ! 9 3 6 a ' S ° 9 ' Ven In P aren theses for the ingre- 

jected to the SHS p^ ^lTrt^ ? T ^ ° f 22 " mm diameter and 2 3 mm «**nm. and Xb- 
proces,A P ressurS 
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Run no 

1 lU I I I IU. 


Suhstrate material 


weinht 


Workino laver material 


weiaht 

WW W IU Ilk 


5 


1 


TiC 


2.0 g 


(TiC-40%Ni)-50 mol.% diamond (Ti 
2.91 g, C 0.73g, Ni 2.42g, Diam. 1.94g) 
Layer surface diam. cone, about 50 vol % 


8.0 g 


10 


2 


TiC-10%Ni (Ti 1.01g, C 0.25g, Ni 0.1 4g) 


1.4g 


(TiC-40%Ni)-50 mol.% diamond (Ti 
0.47g, C 0.1 2g, Ni 0.39g, Diam. 0.32g) 


1.3 g 




3 


TiC-20%Ni (Ti 2.56g, C 0.64g, Ni 0.8g) 


4.0 g 


(TiC-40%Ni)-50 mol.% diamond (Ti 
2.91 g. C 0.73g, Ni 2.42g, Diam. 1.94g) 


8.0 g 


15 


4 


TiC-20%Co (Ti 2.56g, C 0.64g, Co 0.8g) 


4.0 g 


Co 1 .5 g + Diamond 2.0g Layer surface 
diam. cone, about 80 vol % 


(3.5 g) 



Example 13. 

20 [0072] The multi-layered product with the layer of cobalt and diamond, prepared in run no. 4 of the antecedent 
example, was treated with HCI/HNO3 mixed acid to remove cobalt on the surface. It was then deposited on the surface 
with diamond film by CVD from H 2 gas admixed with 2 vol. % CH 4l at a filament temperature of 2100° C, a substrate 
temperature of 850° C and a chamber pressure of 4000 Pa. A 3-\im thick film, approx. of polycrystalline diamond was 
obtained at the end of a 5-hour process. 

25 

Example 14. 

[0073] A 48%Ti, 12%C and 40%Co (by weight) mixed powder was used as a substrate material. 6 grams "of such 
powder was placed in the 16 mm diameter cylindrical cavity of the forming die after a 2 mm thick nickel plate used as a 
30 support blank, and lightly stamped. Then 3 grams of working layer material was placed flat thereon that consisted of a 
mixed powder of Ti and C, admixed with 40 weight % of 30-40 \im diamond powder, and formed into a pellet under com- 
pression at 20 MPa. 

[0074] A mullite insulating plate was laid on the bottom of the reaction die, laid over by a graphite sheet as a heater, 
1-mm thick magnesia sheet and, then, the pellet with the support side down; the rest of the die cavity was filled with 

35 molding sand. Current was passed over the graphite sheet to heat the nickel plate and initiate the SHS process. 

[0075] The product was recovered, polished on the surface and observed microscopically. The surface zone con- 
tained a high concentration of diamond particles, which were firmly held in the sintered matrix, at an approximately 90 
volume % on the surface; a lot of them were visible from outside. The analysis on a section indicated a nickel concen- 
tration that decreased continuously over the way from the substrate end to the working layer surface. 

40 [0076] Further the working layer surface was subjected to a CVD process as in the antecedent example and a con- 
tinuous, 4-nm thick diamond film was obtained. 

Applicability in industry. 

45 [0077] The superabrasive containing layered composite of the invention is useful for uses in the polishing and cut- 
ting applications and as a wear-resistant material for the construction of various products. 

Claims 

so 1. A superabrasive containing layered composite, comprising: a substrate block, which consists of either ceramic 
material and metallic material or several metallic materials, said metallic support member joined therewith by 
means of molten metal provided by an SHS process, and a superabrasive containing block arranged as a layer in 
adjacency and joined to said substrate block, which contains superabrasive particles at a superabrasive concen- 
tration of 25 at least but not exceeding 95 % by volume relative to the whole body, and a metallic ingredient which 

55 is distributed in the superabrasive containing layer, including the working surface, over the way through the Inter- 
face and into the substrate and at a metallic concentration that increases or decreases from the level at the working 
surface continuously and/or in steps. 



2. 
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The composite as claimed in claim 1, in which said superabrasive 



concentration is at least 40 %. 
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first metal. 

17. The method as claimed in each of claims 12, 14 and 15, in which said second mixture comprises an ingredient or 
ingredients to yield hydrogen during the SHS process, thereby providing a reductive atmosphere. 

5 

18. The method as claimed in each of claims 17, in which said ingredient is titanium hydride. 

19. A compression cell for producing a diamond containing layered mass, comprising: a die 13 defined by a vertical 
wall 1 3a and a flat closed bottom 13b and placed therein upwards from bottom, a formed pellet 1 1 of single body 

10 or layers of mixed powder so composed as to form a refractory compound, a material mass 1 2 of working layer con- 
taining diamond particles, a mass of ignition material 14 comprising the SHS composition, and an electrical heating 
element 15, all being embedded in a sand 16, over which a block of insulator 18 is placed. 

20. The compression cell as claimed in claim 19, in which said material mass comprises layers of several formed 
15 blocks with different concentrations of diamond. 

21. The compression cell as claimed in claim 19, in which said die 13 has a cylindrical cavity therein. 

22. The compression cell as claimed in claim 19, in which said die 13 comprises separately formed bottom 13b and 
20 vertical wall 1 3a that are detachably integrated. 

23. The compression cell as claimed in claim 19, comprising a mold of sintered refractory 21 with a conical cavity of 
specified diameter and angle, and arranged in said cavity, upwards from the bottom, a material mass of working 
layer 22 comprising diamond particles, formed refractory substrate material 23, and a support member in conical 

25 construction 24, and a HF induction coil 25 arranged so as to surround outside said mold 21 . 

24. A compression cell for producing a diamond containing layered mass, comprising: a die having a cylindrical cavity 
closed at the bottom, and placed therein in consecutive layers, upwards from bottom, a substrate material mass in 
a form selected from a first mixed powder of either TiC and metallic binder or Ti metal, carbon and metallic binder 

30 or a press-formed powder thereof, and then in adjacency on said material mass a second mixed powder of dia- 
mond particles and pulverized metallic binder, with or without a proportion of TiC, whereby the concentration of 
metallic binder is higher in said first material mass than in said second mixed powder, and an ignition mixed powder 
of Ti metal and C and an electrical heater element in the adjacency of said material mass, the whole in the cavity 
being embedded in molding, which is covered with an insulation block. 

35 

25. The compression cell as claimed in claim 24, in which said metallic binder consists of a metal selected from cobalt, 
nickel and tungsten. 

26. The compression cell as claimed in claim 24, in which said ignition powder is laid over the top of said material mass. 

40 

27. The compression cell as claimed in claim 24, in which said ignition powder is laid around said substrate material. 
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FIG. 1 
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FIG. 2 
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FIG- 3 
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